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OUTLINE

— the QCD critical point

— E0S at non-zero baryon chemical potential

— cumulant ratios of conserved charge fluctuations
— freeze-out conditions from QCD

— power of Taylor expansions
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Exploring the QCD phase diagram
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Exploring the QCD phase diagram
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Exploring the QCD phase diagram
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Exploring the QCD phase diagram
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LGT attempts to find the critical point
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Z. Fodor, S. Katz. 2001, 2004 P. deForcrand, O. Philipsen, 2002
these calculations were possible
because N _
() the lattices were coarse, critical point or breakdown of the
(I1) the discretization schemes reweighting approach (loosing the overlap) ?
were crude

S. Ejiri, PRD69, 094506 (2004)

since 10 years no progress along this line
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Taylor expansion of the pressure and critical point
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Chiral model and negative ",/ /"-:
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Estimates of the radius of convergence
I
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Taylor expansion of the EoS and critical point
I
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Some 4™ and 6™ order cumulants
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Some 4™ and 6™ order cumulants
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Equation of state of (2+1)-flavor QCD: up/T > 0
I
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Equation of state of (2+1)-flavor QCD: up/T > 0
I
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Equation of state of (2+1)-flavor QCD: up/T > 0
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Equation of state of (2+1)-flavor QCD

pressure, entropy & energy density
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A. Bazavov et al. (hotQCD) , — improves over earlier hotQCD calculations:
Phys. Rev. D90 (2014) 094503 A. Bazavov et al., Phys. Rev. D80, 014504 (2009)

— consistent with results from Budapest-Wuppertal
(stout): S. Borsanyi et al., PL B730, 99 (2014)

— up to the crossover region the QCD EoS agrees quite well with hadron resonance gas
(HRG) model calculations; However, QCD results are systematically above HRG
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Crossover transition parameters
I

PDG: Particle Data Group hadron spectrum
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Equation of state of (2+1)-flavor QCD: up/T > 0
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Equation of state of (2+1)-flavor QCD: pup/T > 0
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Equation of state of (2+1)-flavor QCD: up/T > 0
I
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Equation of state of (2+1)-flavor QCD: up/T > 0
I
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crucial: control 6™ order cumulants in and below the crossover region



Equation of state of (2+1)-flavor QCD: up/T > 0
I
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Lines of constant thermodynamics and freeze-out
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Lines of constant thermodynamics and freeze-out
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Conserved charge fluctuations and freeze-out
T
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Conserved charge fluctuations and freeze-out
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Conserved charge fluctuations and freeze-out
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Conserved charge fluctuations and freeze-out

Next order: depends on 6™ order cumulants and requires knowledge on
the parametrization of the freeze-out curve, eg.
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Freeze-out parameter from conserved charge fluctuations
T

cumulant ratios of electric charge fluctuations
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Strangeness vs. baryon chemical potential
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A. Bazavov et al.,, PRL 113, 072001 (2014),

arxiv:1404.6511

HRG provides good guidance for thermal
conditions at freeze-out. However,

HRG is not QCD

we heed/want a self-consistent determination
of freeze-out parameters based on QCD
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Kurtosis*variance on the freeze-out line
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To do list
1

What is needed to understand equilibrium properties of conserved
charge fluctuations on the freeze-out line?

— accurate lattice QCD results on 6™ (and 8™ ) order cumulants of
conserved charge fluctuations

— self-consistent determination of freeze-out parameters within
QCD: Tf(“B)v HBs [IJ'S(IJJB)a “’Q(:UJB)]

— Quantify influence of finite-V, acceptance, p ;,5 B etc. in close
Interaction with experiment and HIl-phenomenology

What can be done about "locating the critical point"?

— use 6" (and 8" ) order cumulants to put bounds on its location

— keep working on new simulation techniques

By-product: EOS in the entire parameter range accessible to
the RHIC BES-II
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The peak in the scaling function that
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Chiral Transition at small us/T

@ close to the chiral limit thermodynamics in the vicinity of the
QCD transition(s) is controlled by a| universal O(4) scaling function

singular / regular

p —_ —_
T4 3 In Z(V? T, H) = —ho h1+1/6ff (t/hl/ﬁé) o .fr(va T, p,)
T vT
A 2
T critical line: T —1T. Hq mq &
t ~ Kg | — h ~
/ t=0, h=0 T. T+ Hq ( T ) ’ T.
';3 | / 4 suppressing dependence
- .. on strange quark chemical
potential

controls curvature of
the critical line

omP/T* _ (n
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Xn = D g/ T)"
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O(4) Scaling in QCD: Curvature of the critical line

m (%E?M 007 scaling function of order parameter
Mg 5 | — ——
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— : 1/80 —F—
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= el e-vesp ) 00 ,\
t “ |
0Ms 0.02
0.01 +
> [K,B — K,q/9 = 0.0066(7)] : 2 =t/h/Pd
-2 1 0 1 2 3

p4-action: N, = 4
Bielefeld-BNL, Phys. Rev. D83, 014504 (2011)
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O(4) Scaling in QCD: Curvature of the critical line
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Critical Point searches
I

lattice QCD
15 - ' ' '
chiral crossover T. |IIEGB
1.4 + To(ug)/Te(0) o ° '
reweighting (F&K, 2004) —E&—
1.3 ¢ Taylor (D&G&G, 2014) —=F—
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reweighting:

Z. Fodor, S. Katz,
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Taylor expansion:
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